Due to the global climate changes, the scale and frequency of natural disasters are more difficult to predict and measure. Extreme rainfall often brings astonishing amount of water and causes very serious damage in the mountain areas. For instances, during typhoon Morakot in 2009, many roadways and bridges were destroyed by the rainfall in south Taiwan; furthermore, the typhoon Megi brought amazing hourly rainfall to damage the Highway No.9 in I-lan County at 2010. Facing the challenges from the extreme weather conditions, the development of an early warning system has become a critical issue. Therefore, in the proposed study, the authors collected the field data of landslides and debris flows in No.18 Highway of middle Taiwan. And the authors collected the rainfall records of typhoons and storms from 2008 to 2012. Pattern recognition analysis was conducted to identify typical precipitation patterns that would cause slope failures and related debris flows. Threshold rainfall intensities and rainfall amounts that would possibly trigger the failures were chosen as two indices and their applicability based on different theoretical or empirical approaches from the selected precipitation patterns. Correlation between triggering rainfall indices and occurrences of landslides is to be established through this analysis.
INTRODUCTION
There are average 4 typhoons hit Taiwan every year and usually these typhoons bring large amount of rainfall water 1) . Especially in recent years, there are some super rainfall records, like typhoon Morakot (2009), Megi (2010) and so on. For example, the rainfall duration of typhoon Morakot was from 5 August to 12 August in 2010, and in Alishan rainfall station, the highest hourly rainfall was 123mm/hr, and its accumulated rainfall was more than 3,100mm. And the maximum hourly rainfall intensity was 181.5mm/hr during typhoon Megi.
1)
According to the statistic data of Central Weather Breau in Taiwan, in recent 70 years, the total rainfall time is reduction, but the hourly rainfall intensity is ascension. 1) the Arranged these rainfall data, there were three obviously features, long rainfall duration, high short-term intensities and high accumulation. Furthermore when these typhoons invaded Taiwan and had caused severe natural disasters such as landslides, debris flows, and floods. The overwhelming rainfall amounts and intensities brought have been recognized as the major triggering factors to those natural disasters.
In this paper, the authors collected precipitation data of rainfall stations in the studied region, No. 18 Highway. Pattern recognition analysis was conducted to identify typical precipitation indicesthreshold rainfall intensities and rainfall amounts, that would cause slope failures and related debris flows. Combinations of these threshold rainfall indices could then be used to characterize triggering mechanisms of rainfall-induced sediment-related disasters, according to different geomorphology, geological conditions, or scales of failures. Correlation between triggering rainfall indices and occurrences of landslides is to be established through this analysis. For debris flows that occurred after landslides, similar analysis procedure is also adopted to establish the correlation between debris flows and rainfall indices. Correlations obtained through these analyses would be very important for delineating triggering mechanism of such rainfall induced natural disasters.
In this paper, collected field observation data and typical precipitation data will be presented firstly. Procedures of pattern recognition analysis on critical rainfall indices will then be described in details. Preliminary results of conducted analyses on studied river region will then be presented for illustration. At the end of this paper, applications of the results to disaster simulation would be also discussed. It is hoped that progress of this study would provide a feasible approach to simulation of large scale rainfall-induced disasters such as landslides and debris flows.
STUDY METHOD
In this study, the authors collect historic landslides data along several highways of several events 2) and their rainfall records. And then according to the rainfall pattern analysis, the authors propose a critical model of the damage event and its rainfall conditions. Then use this result to develop a model of rainfall risk management as an early warning system of rainfall induced landsides along mountain highways.
(1) Data collected
In order to understand the correlation of landslides and rainfall, the authors took the No. 18 Highway (34K~98K) as a case study in this study. . There were 6 typhoons and 4 cloudbursts that would be analyzed. Then according to the occurrence time of the landslides, the authors begin to collect the rainfall data. In this study, the rainfall period is defined that from rainfall beginning and ending there are no rainfall before and after 12 hours as a rainfall event (show as Fig.  2 ).
Data of these rainfall stations was collected to analyze rainfall pattern. Rainfall data includes hourly intensities and accumulated rainfall. At the same time, the most important information is the occurrence time of disasters. In this study, the authors get the data from Directorate General of Highways, Taiwan. This department records detail information about their highway's disasters. Then in order to understand more disaster events in the past years, the authors also collected other rainfall events that caused landslides along the roadway.
(2) Rainfall pattern analysis a) Snake line analysis model
In the past study, the landslides mainly associated with the high accumulated rainfall or extreme rainfall intensity. Landslide would be caused by the high instantaneous rainfall intensity, like most of the surface erosion, runoff, erosion-based; high accumulated rainfall would be caused the large-scale landslide disasters, but disasters may also occur by these two rainfall indexes, intensity and accumulation. In this study, the following proposed compound snake line, namely the use of the dual-precipitation index accumulated rainfall and rolling rainfall intensity, that is, long-term accumulative rainfall index and short-term rainfall intensity index as a critical rainfall hydrograph analysis model. It means the rainfall snake line analysis, could be track the possible trend of rainfall.
First, the axes of X and Y should be defined. The X axis (horizontal axis) is the long term index for accumulated rainfall, and the Y axis (vertical axis) is the short time index for rainfall intensity or rolling rainfall intensity in every rainfall event. The long term index is total accumulated rainfall, as Eq.(1). And the short time indexes are hourly rainfall intensity, 3 hour rolling rainfall(as Eq.(2)), 6 hour rolling rainfall(as Eq. (3)) and 12 hour rolling rainfall(as Eq.(4)). Where "I" is rainfall intensity per hour, and A is total accumulated rainfall. Then the authors collected the historic data of the landslide including the occurrence time and the locations, then mark these data in the snake line.
And the authors used the statistical method to regress a critical line (CL). The meaning of CL is a boundary to divide two zones, stable and unstable. Therefore, the authors tried to plot a boundary according to the historic data by exponential function. The zone before this boundary, CL, is stable, and it means there were no landslides occurred in such rainfall conditions. The other zone after this boundary, CL, is unstable, and it means there were some or many landslides occurred in such rainfall conditions. First, the authors observes the left-bottom region of these disaster marks, and then according to these marks, the authors defined the two points, [Max(x), Min(y)] and [Min(x), Max(y)] to plot the exponential function by excel. And finally, the CL could be got and plotted.
At the same time, the authors plotted an area that is unreasonable area (UA) for the rainfall as UA line. UA line is A I nr  , it means that the rainfall impossible condition. In other words, the accumulated rainfall in "n" hour isn't larger than "n-hr rolling rainfall". The Fig. 3 And Fig. 4 shows the analysis result of CL. In Fig. 4 , those marks mean the disasters with their rainfall conditions of the occurrence time. 
(3) Early warning model
In the result of the snake line, slopes would be unstable when the condition of rainfall over the critical line. In the other words, CL means the critical conditions of the slopes. But it can't be use directly in warning. It is a too conservative condition. If a decision maker directly used this line to be the risk warning line, it would face that whatever the scale of disaster, the maker should do something for hazards. But in the risk management of the roadway, it should consider the tolerance of disasters. Therefore the authors use the blocking time of the transportation to be an important index to analysis the classification of the disaster tolerance. The blocking time means the time of road blocked to restore. It is divided into four gradesslight, normal, medium and serious. Slight is blocked time shorter than 6 hours (0.25 days), middle is between 6 hours to 2 days, serious is between 2 days to 7 days, and extreme is longer than 7 days 3) . Fig. 5 shows the arrangement data of the blocked time in the analysis events of the landslide disasters. These different marks show the fourth grades of disaster scales. From this figure, it can be observed that larger scale disasters usually have more serious rainfall conditions. Then try to re-regress these four grades and plot three lines that are defined as warning, alert, and action. The authors get the three lines from the analysis that show in Fig. 6 . The plotting method of these three lines are basically similar to the CL, but some grades maybe only one point, it means there don't have enough data to plot the line. In this situation, the authors use the result of the other grades to simulate a line and these line should be pass through the point of this grade. Then there is a "cut-off" assumed. "Cut-off" is proposed that when hourly rainfall is approaching to 5mm per hour, these three management line should be cut off here. The function of "cut-off" is mainly used to be better and easier for making decisions. For decision maker, the distinct time to decide any action is very important. The result of exponential function will be approaching to zero by the time goes by. But it is very difficult for anyone to decide when should take any action for risk management. By way of the cut-off, the decision maker can simpler to use this early warning model. Therefore, the cut-off number can be hourly rainfall 5mm or 3mm or else, in this paper the authors use 5mm to be the cut-off. 
CASE STUDY-NO. 18 HIGHWAY
In this study, the authors collected 13 events of the disasters from 2008 to 2012. Among these, the events of 2008 -2011 are used to analyze the CL and early warning model, and 2012 were special used to be the verification. In the snake analysis model, the results of different short-term rainfall indexes along No. 18 highway show from Fig. 7 to Fig. 10 . From these figures, these can be observed that more than half of the disasters didn't occurred I_208 in the highest hourly intensities and some disasters had occurred even in very small hourly intensities or in the absence of rainfall. (If all event and all disaster marks are plotted in the figures, they would be too crowded to unread, here the authors take 4 events to display the results.) It means that these disasters occurred affected by accumulated rainfall mainly. Fig. 11 shows the result of the blocked time in the analysis events of the landslide disasters and their early warning lines along No. 18 highway.
Fig. 7
The hourly rainfall result of analysis. In order to verify these above result, the authors used the disaster data of two typhoons in 2012. These two were typhoon Talim in June and Saola in August. The Table 2 lists the disaster records and the rainfall condition when disaster occurred including of blocked time, hourly rainfall and accumulated rainfall in that occurrence time. From Fig. 12 , it can be obviously observed that all the disaster occurred located on alert and action zone. It shows that the result of this study is pretty good. Table 3 shows the detail suggestion time of early warning model and the rainfall records of these events. During typhoon Talim, the rainfall condition didn't reach the action suggestion, but the disasters happen on 82K+500 at 15:00 on 6/20. In the result of analysis, the occurrence time of disaster was after the suggestion alert time. During typhoon Saola, the suggestion action time of analysis was 6:00 on 8/2, and the occurrence time of the disasters on 35K and 82.5K were 15:50 and 20:30. Then the site of 35K occurred more serious disaster at 17:10 on 8/3. It was caused by the former disaster and more enough rainfall water. For the accuracy rate of this model, it is difficult to discuss in this paper now. There are some reasons as following. In this verification, the disaster grades are slight and middle, and these disasters are all located after alert line. From this observation, the false rate is zero. But truly, the verification data is not enough to evaluate the accuracy rate in this paper. 
